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Abstract. Primaquine prevents relapses of Plasmodium vivax malaria but can cause severe hemolysis in patients
with glucose-6-phosphate dehydrogenase (G6PD) deficiency. The clinical and laboratory features of this outcome are
usually confounded by the clinical and hemolytic effects of concomitant malaria. We describe a case of severe hemolysis
occurring after a total dose of 2.04 mg/kg of primaquine used for prophylaxis in a young, G6PD-deficient (Kaiping vari-
ant), Australian man without malaria. During acute hemolysis, he had markedly elevated urinary beta-2-microglobulin,
suggestive of renal tubular injury (a well-recognized complication of primaquine-induced hemolysis). He also had albu-
minuria and significantly increased excretion of glycocalyx metabolites, suggestive of glomerular glycocalyx degradation
and injury. We show that regularly dosed paracetamol given for its putative renoprotective effect is safe in the context of
severe oxidative hemolysis. Acute drug-induced hemolysis transiently increases G6PD activity. Cases such as this
improve our understanding of primaquine-induced hemolysis and ultimately will help facilitate widespread safe and effec-
tive use of this critically important drug.

A healthy 26-year-old man returned to Australia after
2 months’ military service in Peninsular Malaysia and was
prescribed primaquine 15 mg twice daily for presumptive
antirelapse therapy against Plasmodium vivax malaria. On the
fourth day of primaquine therapy (eight doses taken [1.48 mg/
kg]), he noticed his urine had become dark. He continued to
take primaquine, but by the morning of the sixth day (11 doses
taken [2.04 mg/kg]), he had developed generalized arthralgia,
back pain, nausea, severe vomiting, dizziness, and dyspnea
and therefore presented to hospital. He had not taken any
medications other than primaquine before presentation and
had not been febrile.
The patient was born to parents of Chinese ethnicity and

had an unremarkable past medical history except for glu-
cose-6-phosphate dehydrogenase (G6PD) deficiency, which
had been diagnosed on routine military medical screening.
He was a nonsmoker. On examination he was afebrile, pale,
jaundiced, intermittently vomiting, and had a respiratory rate
of 23 breaths per minute. There was no hepatosplenomegaly.
His urine was dark brown in color with no visible sediment.
Dipstick urinalysis revealed trace blood and no nitrites, pro-
tein or leukocytes (Figure 1), and urine microscopy revealed
no significant bacterial growth, no cellular or proteinaceous
casts, and normal red cell morphology.
On the day of presentation, the patient’s hemoglobin was

88 g/L (reference range: 135–185 g/L), hematocrit 0.26
(0.4–0.54), and mean cell volume 96 fL (78–100 fL). Micro-
cytic spherocytes, bite cells, and polychromasia were noted
on blood film. Serial microscopy and rapid diagnostic
tests for P. falciparum and common Plasmodium antigens
were negative. Unconjugated bilirubin and lactate dehydro-
genase were elevated (97mmol/L [0–19 mmol/L] and 781 U/L
[120–250 U/L], respectively), and haptoglobin was subnormal
(,0.10 g/L [0.36–1.95 g/L]). A direct antiglobulin test was

negative. Spectrophotometry confirmed deficiency of the
glucose-6-phosphate dehydrogenase enzyme (2.2 U/g Hb;
reference range: 5.0–13.0 U/g Hb), and hemoglobin electro-
phoresis did not show any concomitant hemoglobinopathies.
Plasma cell-free hemoglobin concentration was elevated
(120,004 ng/mL [, 50,000 ng/mL]). He had albuminuria (uri-
nary albumin-to-creatinine ratio 7.4 [,2.5]), increased urinary
glycocalyx metabolite excretion (11.16 total glycosaminogly-
cans/mol creatinine)1 and markedly elevated urinary beta-2-
microglobulin (40,019 mg/L; normal range , 300). Plasma
creatinine and urea were normal (66mmol/L [60–110 mmol/
L] and 7.0 mmol/L [3.0–7.5 mmol/L], respectively).
A diagnosis of severe, primaquine-induced hemolysis was

made. The patient’s primaquine prophylaxis was discontin-
ued, and he was prescribed antiemesis with ondansetron
and paracetamol 1 g four times daily for analgesia and renal
protection (after blood and urine collection).2 He was admit-
ted to the ward for further monitoring. Despite primaquine
cessation, the next day, his hemoglobin decreased to 67 g/L,
although falling lactate dehydrogenase and bilirubin concen-
trations suggested less active hemolysis (Figure 2). He did
not require a blood transfusion. Within 48 hours, the hemo-
globin had risen and the cell free hemoglobin, urine albumin:-
creatinine ratio, urinary glycocalyx metabolite excretion,
and urinary beta-2 microglobulin (15 mg/L) had all normal-
ized (Figure 2). The patient’s nausea and back pain had
also settled, and his urine had returned to a normal color.
Paracetamol was ceased on day 5. The alanine transaminase
concentration peaked at 83 U/L (, 50 U/L) on day 5 (paracet-
amol concentration , 10 mg/L), and gradually normalized
thereafter.
The patient was discharged on day 6 and subsequently

followed in the outpatient setting for another 3 months. At
1 month, he reported persistent mild exertional dyspnea,
despite a hemoglobin concentration of 161 g/dL, but this
had resolved by 3 months. Repeat G6PD activity by spectro-
photometry at 1 month and 3 months was 0.8 U/g Hb and
0.7 U/g Hb, respectively. Gene sequencing showed that the
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patient carried the Kaiping G6PD variant (1388 G.A), which
is highly prevalent across East Asia and typically results in
G6PD activity , 10% of normal.3 The patient’s renal and
hepatic function remained normal throughout follow-up, and
his blood film returned to normal.
Primaquine, an 8-aminoquinoline, is the only widely avail-

able drug that kills the liver stages (hypnozoites) of Plasmo-
dium vivax and P. ovale and thus prevents future relapses.4

Although primaquine radical cure of both the blood and liver
stages of the parasite is important for reducing transmission
of P. vivax, its widespread use is limited because it can
cause severe hemolysis in patients with G6PD deficiency, an
enzymopathy that is most prevalent in malaria-endemic
areas.5 Assessment of the frequency and clinical features of
severe primaquine-induced hemolysis in endemic regions
has been confounded by the difficulty of disentangling the
hemolytic effects of concomitant malaria.6–8 Because most
serious hemolytic events occur in resource-poor settings
where extensive laboratory investigation is not feasible, the cur-
rent case provided an important opportunity to investigate
comprehensively the natural history, laboratory features, and
deleterious effects of primaquine-induced hemolysis in the
absence of clinical malaria.
In normal individuals, total intraerythrocytic G6PD capacity

well exceeds requirements to reduce oxidative free radicals
generated by the active metabolites of primaquine. Patients
with inherited G6PD deficiency may have insufficient total
G6PD activity to prevent primaquine-induced hemolysis with

older erythrocytes being the most susceptible due to a physio-
logical reduction in antioxidant capacity with age.9 Erythropoie-
sis increases in response to accelerated loss of senescent
erythrocytes, and combined, these factors result in reduced
mean erythrocyte age and a transient increase in total G6PD
activity.10 The patient described in this report had a G6PD
activity of 2.2U/g Hb at presentation, equivalent to approxi-
mately 30% of the adult male mean, the threshold used to dif-
ferentiate intermediate from severe deficiency and guide the
use of primaquine. After 3 months, his G6PD activity had fallen
to 0.7 U/g Hb (approximately 9.5% activity), placing him in the
severely deficient category, consistent with the Kaiping variant.
All causes of hemolysis, including peripheral Plasmodium para-
sitemia, have the potential to increase measured G6PD activity
through one or both aforementioned mechanisms. This case
demonstrates the dynamic nature of G6PD activity and sug-
gests that vulnerability to drug-induced hemolysis may also
fluctuate.11

Although blood creatinine and urea (both relatively crude
measures of renal function) remained normal throughout our
patient’s hospitalization and subsequent follow-up, the mark-
edly elevated beta-2 microglobulin excretion suggested tubu-
lar and glomerular injury,12 in keeping with well-established
renal tubular injury arising from primaquine-induced hemoly-
sis.8 His degree of albuminuria on presentation (urine albumin-
to-creatinine ratio 17.4) suggested increased permeability of
the glomerular filtration barrier. The high urinary excretion of
glycocalyx metabolites, at concentrations comparable to
the highest levels seen in severe malaria,1,13 suggested
significant glomerular glycocalyx degradation.14,15 The
importance of glomerular glycocalyx loss in glomerular per-
meability and acute kidney injury is increasingly recognized15

but cannot be visualized on histopathology, such as that used
in previous reports of primaquine hemolysis.8 An elevated
admission plasma osteoprotegerin (Figure 2) highlights sys-
temic hemolysis-induced endothelial activation,16 but plasma
syndecan-1 levels were normal throughout, suggesting lack of
significant systemic glycocalyx degradation.1 Both severe and
nonsevere falciparum and knowlesi malaria cause glomerular
glycocalyx degradation,1,13 but it is not known to what extent
this is attributable to renal microvascular parasite sequestra-
tion or concomitant hemolysis. Our patient did not have con-
comitant malaria, and thus his case suggests that as well as
causing renal tubular injury, primaquine-induced hemolysis
alone may also cause glomerular glycocalyx degradation and
injury. These have been proposed as major mechanisms of
acute kidney injury in post-artesunate delayed hemolysis.17

This also supports the notion that oxidative damage to renal
tubules and glomerular glycocalyx from cell-free heme released
during hemolysis are significant contributors to acute kidney
injury in malaria.2,16,18 Our data support the evidence in other
settings that tubular epithelial cell injury may not be the only
mechanism of hemolysis-induced renal damage.19

G6PD is an important antioxidant enzyme in all cells, but
renal tissue has less constitutive G6PD than other tissues.20

In G6PD-deficient individuals, renal cells will have even less
G6PD-mediated antioxidant defense. Although it is likely that
most of the primaquine-induced oxidative nephrotoxicity in
G6PD-deficiency is mediated by heme, we speculate that there
may be an additional component of direct primaquine-induced
oxidant damage in G6PD-deficient glomerular and tubular
cells, independent of heme. Even mild acute kidney injury

FIGURE 1. The patient’s urine on the day of presentation to hospital
(sixth day of primaquine prophylaxis).
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can increase the risk of chronic kidney disease and associated
morbidities, and therefore it should be prevented as a
priority.21,22

Regular paracetamol has been shown to have renoprotec-
tive effects in severe falciparum and knowlesi malaria, and

this is particularly apparent in patients with prominent hemo-
lysis.2,23 It is postulated that paracetamol-induced reduction
of toxic ferryl heme to its ferric state quenches heme-ferryl
radicals.24 Our patient received paracetamol 1 g four times
daily for 5 days, both for analgesia of his severe back pain
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FIGURE 2. Trajectory of laboratory parameters after diagnosis of severe primaquine-induced oxidative hemolysis. ACR 5 albumin:creatinine
ratio; ALT 5 alanine transaminase; Bili 5 bilirubin; Cr 5 creatinine; G6PD 5 glucose-6-phosphate dehydrogenase; GAG 5 total glycosaminogly-
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and its putative renoprotective effect in hemolysis.2 The mod-
est rise in alanine transaminase observed was comparable to
that seen in patients with malaria given regularly dosed para-
cetamol as part of clinical trials.2,23 None of these trial patients,
or our patient, met Hy’s law of hepatotoxicity. It is uncertain
whether paracetamol contributed to the rapid resolution of
hemolysis-induced kidney injury in our patient, but our findings
suggest that regularly dosed paracetamol in drug-induced
hemolysis is safe in individuals with severe G6PD-deficiency.
Our patient was prescribed primaquine even though he

had a known history of G6PD deficiency and had not been in
a malaria-endemic region of Malaysia. This likely reflects
lack of familiarity with use of primaquine in our nonendemic
setting and provides a salutary reminder to ensure that both
indications and contraindications are reviewed before pre-
scribing infrequently used drugs.
In summary, our case of primaquine-induced hemolysis in

an aparasitemic patient with severe G6PD deficiency high-
lights that 1) hemolysis transiently increases baseline G6PD
activity, 2) regular paracetamol can be given safely in G6PD-
deficient patients with hemolysis, and 3) severe primaquine-
induced hemolysis alone may cause not only tubular injury
but likely also glomerular glycocalyx degradation and injury,
presumably due to oxidative damage from cell free heme.
Safer and more effective primaquine regimens for patients
with vivax malaria are needed if global elimination targets for
P. vivax are to be achieved. A greater understanding of the
natural history and pathogenetic mechanisms of primaquine-
induced hemolysis and kidney injury will facilitate widespread
use of this important drug.

Received July 26, 2021. Accepted for publication August 29, 2022.

Published online December 12, 2022.

Acknowledgments: We thank Mariana Barnes and Costanza Tacoli
for genotyping the patient’s G6PD enzyme.

Financial support: This work was supported by the Wellcome Trust
(Senior Fellowship in Clinical Science to R. N. P. [200909]), the Bill and
Melinda Gates Foundation (INV-024389), and the National Health and
Medical Research Council of Australia (program grant 1132975 to
R. N. P. and N. M. A. and Fellowship to N. M. A. [1135820]).

Authors’ addresses: Nicholas M. Douglas, Global and Tropical
Health Division, Menzies School of Health Research and Charles
Darwin University, Darwin, Australia, Department of Infectious Dis-
eases, Christchurch Hospital, Canterbury District Health Board,
Christchurch, New Zealand, and Department of Medicine, University
of Otago, Christchurch, New Zealand, E-mail: Nick.Douglas@otago.
ac.nz. Kim Piera, Angela Rumaseb, Benedikt Ley, Global and
Tropical Health Division, Menzies School of Health Research and
Charles Darwin University, Darwin, Australia, E-mails: kim.piera@
menzies.edu.au, angela.rumaseb@menzies.edu.au, benedikt.ley@
menzies.edu.au. Nick Anstey, Global and Tropical Health Division,
Menzies School of Health Research and Charles Darwin University,
Darwin, Australia, and Division of Infectious Diseases, Royal Darwin
Hospital, Darwin, Australia, E-mail: nicholas.anstey@menzies.edu.au.
Ric Price, Global and Tropical Health Division, Menzies School of
Health Research and Charles Darwin University, Darwin, Australia;
Division of Infectious Diseases, Royal Darwin Hospital, Darwin,
Australia; Centre for Tropical Medicine and Global Health, Nuffield
Department of Clinical Medicine, University of Oxford, Oxford,
United Kingdom; and Mahidol Oxford Tropical Medicine Research
Unit, Faculty of Tropical Medicine, Mahidol University, Bangkok,
Thailand, E-mail: rprice@menzies.edu.au.

This is an open-access article distributed under the terms of the
Creative Commons Attribution (CC-BY) License, which permits unre-
stricted use, distribution, and reproduction in any medium, provided
the original author and source are credited.

REFERENCES

1. Yeo TW et al., 2019. Glycocalyx breakdown is associated with
severe disease and fatal outcome in Plasmodium falciparum
malaria. Clin Infect Dis 69: 1712–1720.

2. Plewes K et al., 2018. Acetaminophen as a renoprotective
adjunctive treatment in patients with severe and moderately
severe falciparum malaria: a randomized, controlled, open-
label trial. Clin Infect Dis 67: 991–999.

3. Howes RE et al., 2013. Spatial distribution of G6PD deficiency
variants across malaria-endemic regions. Malar J 12: 418.

4. Baird JK, 2019. 8-aminoquinoline therapy for latent malaria. Clin
Microbiol Rev 32: 1–68.

5. Howes RE et al., 2012. G6PD deficiency prevalence and esti-
mates of affected populations in malaria endemic countries: a
geostatistical model-based map. PLoS Med 9: e1001339.

6. Ashley EA, Recht J, White NJ, 2014. Primaquine: the risks and
the benefits. Malar J 13: 418.

7. Commons RJ et al., 2019. The haematological consequences of
Plasmodium vivax malaria after chloroquine treatment with
and without primaquine: a WorldWide Antimalarial Resistance
Network systematic review and individual patient data meta-
analysis. BMC Med 17: 151.

8. Lacerda MV et al., 2012. Postmortem characterization of patients
with clinical diagnosis of Plasmodium vivax malaria: to what
extent does this parasite kill? Clin Infect Dis 55: e67–e74.

9. Beutler E, Dern RJ, Alving AS, 1954. The hemolytic effect of pri-
maquine. IV. The relationship of cell age to hemolysis. J Lab
Clin Med 44: 439–442.

10. Tang ASO, Soo XY, Yeo ST, Mansor NA, Chew LP, Chua HH,
2021. The mystery of “saturation gap” and falsely normal
G6PD: a case of primaquine-induced haemolysis in Plasmo-
dium vivax malaria infection. J R Coll Physicians Edinb 51:
146–148.

11. Ley B et al., 2021. Glucose-6-phosphate dehydrogenase activity
in individuals with and without malaria: analysis of clinical trial,
cross-sectional and case-control data from Bangladesh. PLoS
Med 18: e1003576.

12. Argyropoulos CP, Chen SS, Ng YH, Roumelioti ME, Shaffi K,
Singh PP, Tzamaloukas AH, 2017. Rediscovering beta-2
microglobulin as a biomarker across the spectrum of kidney
diseases. Front Med (Lausanne) 4: 73.

13. Barber BE, Grigg MJ, Piera KA, Chen Y, William T, Weinberg
JB, Yeo TW, Anstey NM, 2021. Endothelial glycocalyx degra-
dation and disease severity in Plasmodium vivax and Plasmo-
dium knowlesi malaria. Sci Rep 11: 9741.

14. Schmidt EP et al., 2016. Urinary glycosaminoglycans predict
outcomes in septic shock and acute respiratory distress syn-
drome. Am J Respir Crit Care Med 194: 439–449.

15. Salmon AH, Satchell SC, 2012. Endothelial glycocalyx dysfunc-
tion in disease: albuminuria and increased microvascular per-
meability. J Pathol 226: 562–574.

16. Barber BE, Grigg MJ, Piera KA, William T, Cooper DJ, Plewes
K, Dondorp AM, Yeo TW, Anstey NM, 2018. Intravascular hae-
molysis in severe Plasmodium knowlesi malaria: association
with endothelial activation, microvascular dysfunction, and
acute kidney injury. Emerg Microbes Infect 7: 106.

17. Plewes K, Haider MS, Kingston HW, Yeo TW, Ghose A, Hossain
MA, Dondorp AM, Turner GD, Anstey NM, 2015. Severe falcip-
arum malaria treated with artesunate complicated by delayed
onset haemolysis and acute kidney injury. Malar J 14: 246.

18. Plewes K et al., 2017. Cell-free hemoglobin mediated oxidative
stress is associated with acute kidney injury and renal replace-
ment therapy in severe falciparum malaria: an observational
study. BMC Infect Dis 17: 313.

19. Frimat M, Boudhabhay I, Roumenina LT, 2019. Hemolysis
derived products toxicity and endothelium: model of the sec-
ond hit. Toxins (Basel) 11: 1–34.

20. Hecker PA, Leopold JA, Gupte SA, Recchia FA, Stanley WC,
2013. Impact of glucose-6-phosphate dehydrogenase defi-
ciency on the pathophysiology of cardiovascular disease. Am
J Physiol Heart Circ Physiol 304: H491–H500.

21. Chawla LS, Eggers PW, Star RA, Kimmel PL, 2014. Acute kid-
ney injury and chronic kidney disease as interconnected syn-
dromes. N Engl J Med 371: 58–66.

PRIMAQUINE-INDUCED HEMOLYSIS IN A PATIENT WITHOUT MALARIA 79

mailto:Nick.Douglas@otago.ac.nz
mailto:Nick.Douglas@otago.ac.nz
mailto:kim.piera@menzies.edu.au
mailto:kim.piera@menzies.edu.au
mailto:angela.rumaseb@menzies.edu.au
mailto:benedikt.ley@menzies.edu.au
mailto:benedikt.ley@menzies.edu.au
mailto:nicholas.anstey@menzies.edu.au
mailto:rprice@menzies.edu.au
https://creativecommons.org/licenses/by/4.0/


22. Long TE, Helgason D, Helgadottir S, Sigurdsson GH, Palsson R,
Sigurdsson MI, Indridason OS, 2021. Mild Stage 1 post-
operative acute kidney injury: association with chronic kidney
disease and long-term survival. Clin Kidney J 14: 237–244.

23. Cooper DJ et al., 2022. The effect of regularly dosed acetamino-
phen versus no acetaminophen on renal function in Plasmodium

knowlesi malaria (PACKNOW): a randomised controlled trial.
Clin Infect Dis (Online ahead of print). doi: 10.1093/cid/ciac152.

24. Boutaud O et al., 2010. Acetaminophen inhibits hemoprotein-
catalyzed lipid peroxidation and attenuates rhabdomyolysis-
induced renal failure. Proc Natl Acad Sci USA 107: 2699–
2704.

DOUGLAS AND OTHERS80

https://doi.org/10.1093/cid/ciac152

